Soil P testing is critical to ensure the accuracy of fertilizer recommendations and to optimize crop yield while minimizing negative environmental consequences. Olsen-P is the most commonly used soil P test for alkaline calcareous soils found in Idaho and the western United States. The Bray-1 test is commonly used in the Pacific Northwest on neutral to acidic soils but underestimates P in alkaline calcareous soils. Mehlich-3 has been evaluated throughout various regions in the United States. Few data evaluating Mehlich-3 exist for soils in the western United States. Additionally, the comparatively newly developed Haney-Haney-Hossner-Arnold (H3A) test, a component of the soil health tool, has not been widely evaluated on alkaline calcareous soils. Soil samples from the 0-to 30-cm depth were collected from agricultural fields throughout Idaho and analyzed with Bray-1, H3A, Mehlich-3, and Olsen-P extractants. The results indicate that Olsen-P was correlated with Mehlich-3, whereas Bray-1 and H3A were not correlated with Olsen-P. Both Bray-1 and H3A resulted in lower values of extractable P than the Olsen-P test, whereas Mehlich-3 resulted in greater values. A threshold point in CaCO 3 (i.e., inorganic C) of 6.7 and 5.1 mg kg -1 for the Bray-1 and H3A was obtained, respectively, which indicated that inorganic C concentrations at or above these levels resulted in a reduction in extractable soil P. Thus Mehlich-3 could be evaluated for use in alkaline calcareous soils, whereas Bray-1 and H3A have notable issues that would limit their applicability.
States (Wang et al., 2004; Ebeling et al., 2008) . The Bray-1 test has notable issues with extracting soil P in alkaline calcareous soils (Mallarino and Atia, 2005) . These issues occur partly because of the presence of inorganic C (IC) in the form of CaCO 3 that hinders the efficacy of Bray-1 to extract soil P (Ebeling et al., 2008) . The use of multiple tests creates issues for comparing results across regions and thus a widely used agronomic and environmental indicator of soil P, Mehlich-3, has been proposed and extensively used in various regions of the United States, including the Mid-Atlantic, Southeast, and Southern regions (Sims et al., 2002; Sotomayor-Ramírez et al., 2004; Harmel et al., 2005; Haney et al., 2006; Wang et al., 2010) . Recently, interest in the applicability of the Mehlich-3 test in Idaho and the western United States has increased. Additionally, Mehlich-3 has been proposed as a universal extractant that could streamline laboratory procedures by having a single extractant for a wide range of soil nutrients. Despite the interest and widespread usage of in the eastern United States, to our knowledge, it has not been extensively evaluated in the western United States as a routine soil test, although Mallarino (1995) noted that Mehlich-3 was likely to be applicable for use in Aridisols.
Studies by Haney et al. (2006) reported that a weak acid extract, H3A, which is composed of organic acids, a weak buffer, synthetic chelators, and lithium citrate, may better extract plantavailable soil P over a wide range of soils with variable soil pH and organic C and clay contents. Later on, modifications were made to the extractant by removing the two synthetic chelators (Haney et al., 2010) and lithium citrate (Haney et al., 2017 (Haney et al., , 2018 . In general, The H3A test has proven to correlate well with other soil P tests such as Mehlich-3 and Olsen-P in a range of soils across the United States (Haney et al., 2006) . However, the efficacy of the H3A test has been questioned in comparison with the Mehlich-3 test for extracting soil P when pH exceeds 7.4 because of the lack of dissolution of Ca, Fe, and Al-associated P (Harmel et al., 2009; Haney et al., 2017) . To our knowledge, the H3A test has not been extensively tested on the alkaline calcareous soils found in Idaho and other areas of the western United States.
Soil P tests were developed to reflect the solubility of P, which is determined by the soil properties that are dominant in the respective regions in the United States. In the western United States, high pH and IC soils are common and thus soil P tests for this region must consider these factors. The objectives of our study were to (i) evaluate the relationship and extractability of P among various soil-P tests (i.e., Olsen-P, Bray-1, Mehlich-3, and H3A) in samples largely comprising alkaline calcareous soils and (ii) determine the effects of soil properties (e.g., pH and IC content) on the ability of the extractants to measure soil P.
MATERIALS AND METHODS

Site Description and Characterization
Soil samples were collected in early spring from dryland and irrigated agricultural fields throughout Idaho (i.e., northern and southern Idaho). Samples used in the study were primarily collected from the Snake River Plain in southern Idaho and the Palouse and Nez Perce Prairies in northern Idaho (USDA-NRCS, 2006) . The majority of soils were classified as silt loams in the study region (Table 1) . The Snake River plain is characterized by low rainfall (180-305 mm) and average annual temperature ranges of 5 to 13°C; the predominant soil order is Aridisols (Table 1) . The Palouse and Nez Perce Prairies have an average annual rainfall of 330 to 710 mm and an average annual temperature range of 8 to 12°C; the predominant soil order is Mollisols (Table 1) . Samples were collected at each location from an area of ~0.1 ha. Four subsamples were collected at each site with a 7.6-cm bucket auger from a depth of 0 to 30 cm and composited (Table 1) . Sample collection at the 0-to 30-cm depth was used because it is the depth at which crop P recommendations are made (Brown, 1996; Robertson and Stark, 2003; Stark et al., 2004; Moore et al., 2009) . After collection, soil samples were dried at 40°C in a forced-convection oven and were subsequently ground and homogenized to pass through a 2-mm sieve.
Soil Physical and Chemical Analyses
Soil particle size analysis was performed according to the hydrometer method (Miller et al., 2013) . Samples were pretreated to remove CaCO 3 with 1.0 M sodium acetate (pH 5.0). Soil pH was determined potentiometrically with a 1:1 soil/ deionized water ratio (Miller et al., 2013) . Calcium carbonate content was measured based on the pressure calcimeter method as described by Sherrod et al. (2002) , where FeCl 2 was added to minimize soil organic matter evolution in terms of CO 2 . Inorganic C was calculated from the CaCO 3 content. Soil organic matter was measured via the loss on ignition method by combusting the samples in a muffle furnace (Storer, 1984; Miller et al., 2013) . The soil organic matter content was determined on the basis of the difference in initial and final weight (Storer, 1984; Miller et al., 2013) .
Soil Phosphorus Tests
Olsen-P, Bray-1, and Mehlich-3 P Tests Soil P tests included Olsen-P (Olsen et al., 1954) , Bray-1 (Bray and Kurtz, 1945; Frank et al., 1998) , and Mehlich-3 (Mehlich, 1984) . Olsen-P was determined by shaking 2.0 g of soil with 40 mL of Olsen extractant (i.e., 0.5 M NaHCO 3 ) for 30 min in a mechanical shaker (Model E6000, Eberbach, Belleville, MI). After shaking, samples were filtered through Whatman filter paper #42 (GE Healthcare UK Ltd, Little Chalfont, UK). Bray-1 tests were performed by shaking 2.0 g of soil with 20 mL of the Bray extractant (i.e., 0.025 M HCl and 0.03 M NH 4 F) for 5 min in a mechanical shaker and filtered through Whatman filter paper # 42. Phosphorus in the extracts obtained from the Olsen-P and Bray-1 methods was determined colorimetrically by the ascorbic acid method (Murphy and Riley, 1962; Frank et al., 1998) ratio and the concentration of P in extracting solutions was via using inductively coupled plasma atomic emission spectroscopy as is common in soil testing laboratories to streamline Mehlich-3 P analysis by completing P analysis at the same time as testing for other essential plant nutrients (Mehlich, 1984) .
The H3A Test
Soil samples were analyzed for H3A-extractable P (Haney et al., 2017) by shaking 4 g of soil with 40 mL of deionized water and 40 mL of H3A extractant (three organic acids, namely 0.0024 M citric acid, 0.004 M oxalic acid, and 0.004 M malic acid, weakly buffered at pH 3.75) in plastic centrifuge tubes. Samples were then mechanically shaken for 10 min, centrifuged for 5 min at 3500 rpm at room temperature, and subsequently filtered through Whatman 2V filter paper (GE Healthcare UK Ltd) prior to analysis. As above, the extracted solution was analyzed colorimetrically by the ascorbic acid method for inorganic P.
Statistical Analyses
Duplicate analyses were conducted for soil tests for each location, where the mean value was used for all statistical analyses. Pearson correlations and linear regressions models were conducted to determine the relationship among various soil test methods with SigmaPlot version 13.0 (SYSTAT, San Jose, CA). A PROC NLIN model was fitted with SAS version 9.3 (SAS Institute, Cary, NC) to determine the change point in IC content for Bray-1 and H3A (McDowell and Sharpley, 2001; Casson et al., 2006; Chakraborty et al., 2011) . The relationship between various parameters in relation to IC was modeled as a segmented line with parameters estimated using nonlinear least squares. The change point in the fitted segmented nonlinear model was directly estimated. The slope obtained from the left-hand line was estimated as a function of the change point and other model parameters to ensure that the two line segments joined at that particular change point. This statistical computation was performed in SAS (SAS Institute) via a PROC NLIN procedure.
RESULTS AND DISCUSSION
Soil Characteristics
The soils, selected to represent the major agricultural soils (i.e., from the 0-30-cm depth) across Idaho, were representative of those typically found in the region (Table 2) .
Soil textural analysis identified that the majority of the soils from the study region were either silt loam or loam, where the rest of the soils were classified as loamy sand, sandy loam, and sand. The soils had sand contents ranging from 56 to 894 g kg -1 , silt contents ranging from 17 to 749 g kg -1 , and clay contents ranging from 20 to 400 g kg -1 . The soil pH ranged from 5.6 to 8.6, with a mean value of 7.9; most of the soils in the neutral to alkaline pH range. The soils from the study region were characterized by soil organic matter content ranging from below detection limit (BDL) to 56 g kg -1 and an IC content ranging from BDL to 39 g kg -1 , with a mean of 5 g IC kg -1 . The greatest soil test P values were extracted with the Mehlich-3 extractant, with an average value of 96.1 mg P kg -1 , whereas the Olsen-P test extracted less soil P, with an average value of 33.0 mg P kg -1 . The average Bray-1 and H3A-extractable P concentrations were between those of Olsen-P and Mehlich-3, with an average of 35.7 and 45.5 mg kg -1 , respectively. Bray-1 P was the only test that resulted in samples BDL; these samples were set at a value of 0 mg kg -1 for analysis.
Comparison among Soil P Tests
The standard agronomic soil test P recommendations in the study region are based on the Olsen-P test for alkaline soils and either Bray-1 or Olsen-P for acidic soils. The Olsen-P test was correlated with Mehlich-3 (r = 0.93), where 87% of the variation in the relationship was explained (Table 3 ; Fig. 1 ). In contrast, Olsen-P was not correlated to either Bray-1 or H3A (P > 0.05).
Bray-1 values were not correlated with Mehlich-3 (P > 0.05) but were correlated with H3A (r = 0.66). The H3A test was correlated with Mehlich-3 (r = 0.45). The results of the current study also confirm the limitations of Bray-1 on alkaline calcareous soils (Hooker et al., 1980 , Mallarino et al., 2002 , Ebeling et al., 2008 as well as the correlation between Olsen-P and Mehlich-3 across a range of soils (Ebeling et al., 2008) . The value of the regression coefficient between Olsen-P and Mehlich-3 (r 2 = 0.87) was comparable with that reported by Ebeling et al. (2008) (r 2 = 0.86) in soils with different properties. Additionally, the study illustrated the problems noted by Harmel et al. (2009) and Haney et al. (2017) with extracting P via the H3A extractant in alkaline calcareous soils, as illustrated by the lack of a correlation between the H3A test and the Olsen-P test.
Mehlich-3 soil P was correlated to Olsen-P, the standard test for alkaline calcareous soils in the western United States. The Mehlich-3 extracting solution extracts greater soil P present in calcareous soils in various forms, as it uses stronger acids than other soil P tests (Harmel et al., 2005) . In addition to the potential use of the test for soil P, Mehlich-3 is a universal extractant (secondary and micronutrients) and should be tested for its applicability to extract these nutrients compared with standard tests in the region. This could prove useful, as this would streamline soil testing procedures and allow comparisons across a wider range of regions in the United States.
As the issues with the ability of Bray-1 to extract P in alkaline calcareous soils are well established (Hooker et al., 1980 , Mallarino et al., 2002 , Ebeling et al., 2008 , the models were reanalyzed to remove the of values BDL (~30%) for Bray-1 (Table 3, Fig. 2 ). The strength of the relationships among soil-P tests improved significantly when soils BDL for Bray-1 P were removed from the entire population of soils for Bray-1 vs. Olsen-P and Bray-1 vs. Mehlich-3, in terms of correlation (r = 0.90 and 0.83, respectively) and regression (r 2 = 0.80 and 0.69, respectively)(Table 3, Fig. 2) .
The correlation between Bray-1 and H3A did not change with the removal of the BDL samples (r = 0.66). The correlation of H3A vs. were improved with the removal of the BDL values (r = 0.63 and r = 0.71, respectively). Previous research indicated stronger correlations between H3A and Olsen-P or between H3A and Mehlich-3 tests in the primarily acidic to neutral pH range, where a limited number of alkaline soils (pH > 7.4) have been investigated (Haney et al., 2006) . Further research by Harmel et al. (2009) reported that reduced correlations may be a result of the inability of the H3A extract to dissolve Ca, Fe, and Al-associated P. Thus, H3A extracts less soil P in alkaline calcareous soils, indicating that this newly developed test is likely to have notable issues in many soils in the western United States.
Factors Affecting the Extraction of Soil Test P in Calcareous Soils
Previous work by Ebeling et al. (2008) indicated that pH alone was not sufficient to explain issues with the Bray-1 test and that an additional factor, IC, improved the explanation of the inability of the test to extract P. Therefore, to understand the soil properties that impacted the soil-P test values, the relationship between soil pH and IC content for all soil samples was evaluated (Fig. 3) .
Our data indicated that soils with a pH greater than 7.5 (P < 0.001), obtained via a split-line nonlinear model of soil pH and IC .6 † The sample detection limit for soil organic matter determination was 10 g kg -1 , with soils less than this value noted as below detection limit (BDL). ‡ The sample detection limit for inorganic C determination is 0.3 g kg -1 , with soils less than this value noted as BDL. § Sample detection limit for the Bray-1 soil P test is 0.7 mg P kg -1 , with soils less than this value noted as BDL. ¶ H3A, Haney-Haney-Hossner-Arnold. content, had a higher IC content. Similar trends were observed in various calcareous soils in ; IC content: 0-38.9 g kg -1 ; Ebeling et al., 2008) , Minnesota (pH > 7.8 and IC > 12 g kg -1 ; Blanchar and Caldwell, 1964) , and Nebraska (pH: 7.2-8.0; IC content: 0.01-19.8 g kg -1 ; Hooker et al., 1980) . The increased IC at higher pH is because IC acts as a pH buffer and equilibrates with CO 2 in the soil to maintain soil pH in the alkaline range (pH 7.5-8.5) in most calcareous soils (Loeppert and Suarez, 1996) .
Change Point in IC Content in Relation to Soil P Tests
Our data showed a similar trend to that reported by Ebeling et al. (2008) , who explained the variability in Bray-1 soil P for calcareous soils collected from Wisconsin by relating soil pH and IC content. Therefore, we postulated that soil pH was not the only determining factor describing detection issues with the Bray-1 and the H3A tests in calcareous soils and that another factor (i.e., IC content) was needed to explain the reduced P extraction in high-pH soils. We observed that lower concentrations of IC were associated with higher Bray-1 and H3A P values and tended to result in values BDL for Bray-1 soil P once IC concentration increased to approximately the calculated threshold point (Fig. 4) . Thus we expected the factors affecting Bray-1 extraction in alkaline calcareous soils (i.e., pH and IC) may result from similar driving factors to the issues noted for the H3A extractant.
The nonlinear split-line model explained the relationship between IC content and soil P tests ). This fitted model explained 86% (P < 0.001) of the overall variation between IC content and Bray-1 soil P assessed in the study. A change point for soil IC content was observed at 6.7 g kg -1 (P < 0.001), above which the Bray-1 soil P values were all BDL and below which the concentrations increased substantially in the current study. Other studies reported varying IC thresholds in soils at which Bray-1 under extracted soil P (2.2-5 g kg -1 ) (Mallarino 1997, Mallarino and Atia, 2005; Ebeling et al., 2008) . Similarly, a change point of 5.1 g IC kg -1 (P < 0.001) was observed when relating IC content to H3A soil P data. Extraction of soil P is dependent on soil chemistry, where elevated carbonates (reported as IC) reduced the efficacy of the dilute acid fluoride and the weakly acidic H3A to release P into the extracting solution. As the Mehlich-3 extractant uses multiple acidic compounds, it could also result in detection issues if the IC content was large enough to overwhelm the test. However, the current set of samples did not result in detection issues with Mehlich-3 in the pH and IC ranges tested. Bray-1 and H3A were better correlated with other soil-P tests if high IC sites were removed. The results indicated that when Bray-1 P values BDL (i.e., primarily those with an IC content above 6.7 g kg -1 ) were removed, the correlation between Bray-1 or H3A and other soil P tests was improved (Table 3 , Fig. 4 ). Issues with P extraction when Bray-1 is used on alkaline calcareous soils have been previ- † Average of duplicate samples collected from each location (n = 46). ‡ Sample detection limit for the Bray-1 soil P test is 0.7 mg P kg -1 , with soils less than this value noted as below detection limit (BDL). § H3A, Haney-Haney-Hossner-Arnold.
www.soils.org/publications/sssaj ∆ ously reported; however, this study provides the first results on the range of pH and IC concentrations at which H3A's extraction efficiency is reduced. These results indicate that Bray-1 and H3A will have problems extracting soil P from alkaline calcareous soils with high IC content, which ae common in the western United States.
CONCLUSIONS
Mehlich-3 extracted greater quantities of soil P than the other tests and was correlated with Olsen-P. This greater range of extractable P and correlation to Olsen-P indicate the test's effectiveness at extracting P in alkaline calcareous soils as well as in neutral to acidic soils. The acidic Mehlich-3 extractant resulted in a greater amount of P extraction than the Olsen-P test. Mehlich-3 has also been used in other regions to extract secondary and micronutrients. Further data are needed to evaluate the relationship among current secondary and micronutrient soil tests and Mehlich-3; however, if these relationships were established, Mehlich-3 would have the potential to streamline soil testing procedures in the western United States. Despite the correlation between Olsen-P and Mehlich-3 at the current study depth, alternate depths of sampling may need to be considered, as the Mehlich-3 test may interact differently with different soil physical and chemical properties. As expected, the Bray-1 test did not perform well under high pH and IC conditions, with many results BDL. The newly developed H3A test had relatively similar issues as the Bray-1 test, though samples were not BDL on alkaline calcareous soils. When high IC soils were included, the H3A test was not correlated with Olsen-P. Use of the soil health tool, where H3A-P is incorporated, would be problematic on alkaline calcareous soils because of the reported issues with P extraction. The current study provides evidence that Mehlich-3 is correlated with Olsen-P and could be evaluated as an alternative test on alkaline calcareous soils in the western United States. However, crop correlation and calibration studies are needed to validate the Mehlich-3 test's applicability for agronomic purposes, and relationships to P losses would need to be established for it to be suitable as an environmental indicator.
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